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© An infusion system for infusing a fluid into a patient comprising an infusion device for delivering the fluid in 
both a normal delivery pattern and a test pulse and a conduit for conducting the fluid from the infusion device to 
the patient. The test pulse creates a pressure wave response in the conduit. Abnormal infusion can be detected 
by determining the area between a baseline and at least a portion of a pressure versus time curve representing 
the pressure wave response. 
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AUTOMATIC INFILTRATION DETECTION SYSTEM AND METHOD 


BACKGROUND OF THE INVENTION 


It is often necessary or desirable to infuse a fiowable material or fluid, which may be liquid, a gas or a 
s combination thereof, into a patient One example is the administration of parenteral fluids to a patient. 

A typical infusion system includes an infusion device for delivering the fluid and conduit means for 
conducting the fiowable material from the infusion device to the patient. The conduit means typically 
comprises flexible tubing leading from the infusion device and a cannula, such as a needle or catheter, for 
insertion into the vascular system of the patient In normal operation, the infusion device delivers the fluid 
to through the tubing and the needle to the vascular system of the patient 

One problem with infusion systems of this type is a condition known as infiltration. Infiltration is a 
condition in which infused fluid finds its way into extravascular tissues rather than simply being released 
into the blood stream. Such a situation occurs when the needle is not in communication with the interior of 
the vessel into which the fluid is to be infused. When this occurs, fluid is infused into the interstitial spaces 
75 between layers of tissues. Thus, the patient is deprived of proper intravenous drug administration and is 
further subjected- to possible toxic or caustic effects associated with infused fluids being in direct contact 
with body tissues. 

Infiltration is not the only possible type of anomaly associated with intravenous therapy which can cause 
the fluid to be improperly supplied to the patient Other conditions which can cause abnormal infusion, i.e., 
20 the fluid to be improperly supplied to the patient, include venous inflamation and swelling at the infusion site 
(phlebitis), clotting and a wide variety of obstructions of the conduit means, such as kinking of the tubing 
which supplies the fluid to the patient. Many of these affect fluid flow characteristics in a manner similar to 
infiitration and can. therefore, be detected by infiltration detection devices. 


The goal of an infiltration detection system is to identify an abnormal infusion as early as possible 


25 without generating an excessive number of false alarms. Early detection allows the attending medical staff 
to rectify the problem before significant damage has been done by the infiltration and before the patient has 
been deprived of a significant amount of the intravenous therapy. On the other hand, if the detection system 
is too sensitive, false alarms will result This is very undesirable since, from a clinical perspective, 
establishing a new intravenous site can be difficult and time consuming. During the time necessary to start 

3C the new IV, which can be hours in some cases, the patient is not receiving the desired treatment 

3obo U.S. Patent No. 4,648,869 discloses a significant advance in the field of infiltration detection 
systems and methods. According to the Bobo patent an infusion system infuses a test pulse of fluid to a 
patient The test pulse creates a pressure wave response which can be monitored and used to detect if 
abnormal infusion has occurred. 

35 Butterfield U.S. Patent No. 4,710,163 discloses an infiltration detection system which uses the test 
pulse-pressure wave response concept of the Bobo patent. However, the Butterfield system compares the 
pressure wave response with a reference pressure wave response which represents the normal response 
when there is no infiltration. Specifically, the area between two curves representing these responses is used 
to attempt to detect infiltration. Thus, the Butterfield aoproach has the disadvantage of requiring that a 
normal pressure wave response be first determined and then stored for later comparison. 


This invention provides a novel and improved technique for detecting abnormal infusion, i.e., if fluid is 
being improperly supplied to a patient To make this determination, this invention utilizes the area between 
a baseline and at least a portion of a pressure versus time curve which represents the pressure wave 
response. With this technique, it is not necessary to first establish a normal pressure wave response for a 
so patient, nor is it necessary to compare this assumed normal response to the pressure wave response. 
Rather, with this invention, all that is required to make accurate determinations as to the proper supply of 
fluid to a patient is appropriate area information from the pressure wave response. 

This invention provides an apparatus for determining if fluid is being properly supplied through a fluid 
delivery system to a patient and such apparatus includes means for delivering fluid through the delivery 
system so as to create a pressure wave response in the delivery system. This may be accomplished, for 


SUMMARY OF THE INVENTION 
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example, in accordance with the teachings of Sobo U.S. Patent No.. 4,648,869. which is incorporated by 
reference herein. Thus, as disclosed in the Bobo patent, the fluid may be delivered in both a normal 
delivery pattern and a test pulse, with the test pulse creating a pressure wave response in the delivery 
system. 

s The apparatus also includes means for determining the area between a baseline and at least a portion 

of a pressure versus time curve which represents the pressure wave response, and means responsive to 
the magnitude of such area for detecting if the fluid is being improperly supplied by the fluid delivery 
system to the patient. 

The pressure wave response has a peak value of pressure and a leading portion and a trailing portion 

to on opposite sides of the peak value. When fluid is being properly supplied to the patient, the pressure will 
rise rapidly but typically not to a very high peak value. However, if the fluid is being improperly supplied to 
the patient as when infiltration occurs, the pressure will rise to a higher peak value over a longer period of 
time. The peak pressure is large because the infused fluid has no immediate means of escape from the 
interstitial spaces. After termination of the test pulse, the pressure will drop rapidly to its nominal level if the 

75 fluid is being properly supplied to the patient. In the case of abnormal infusion, the pressure drops much 
more slowly from the peak value because there is no immediate escape path for the fluid. 

T ne integration technique of this invention uses an area characteristic of the pressure wave response to 
determine if fluid is being improperly supplied to the patient. The function integrated is the difference 
between a baseline and a curve representing the pressure wave response and extends along the curve from 

20 an initial point to a truncation point. Although the baseline can be established in different ways, preferably, 
the baseline is established as a function of the pressure in the delivery system when the test pulse and, 
hence the pressure wave response, are not present. The baseline used for the integration is preferably held 
essentially constant during the integration. 

The truncation point, or upper limit on the integration, preferably is on the trailing portion of the curve 

25 corresponding to the trailing portion of the pressure wave response, i.e., it preferably occurs after the peak 
value of pressure has been attained. Although it is possible to truncate the integration prior to or at the peak 
value of pressure, because the peak pressure is typically drastically different when the fluid is being 
improperly supplied to the patient, it is highly desirable to include, and go beyond, the peak value for the 
integration. 

3Q The output from an infusion pump used to deliver the fluid to the patient may not be totally uniform, and 
preferably, the truncation point occurs at a time which is sufficiently beyond the peak value of pressure so 
as to take this into account. Typically, it is preferred that the truncation point be at a time at which the 
pressure is no greater than about 70 percent of the peak value. 

On the other hand, the truncation point is preferably essentially outside of the noise range, and this 

as typically means that it occurs at a time at which the pressure is no less than about 30 percent of the peak 
value. Thus, the truncation point is preferably at a time at which the pressure is between about 30 and 
about 70 percent of the peak value with about 50 percent being considered optimum. The initial point, or 
lower limit on the integration, is preferably essentially at the beginning of the point on the curve 
corresponding to the beginning of the pressure wave response. 

40 Alternatively, or in addition thereto, the integration of the pressure wave response may extend from the 
initial point to about the peak value of pressure. Such an integration would determine a front end area. The 
detecting means may be responsive to either or both of the front end area and the truncated area, i.e., the 
area established by integrating the pressure wave response from the initial point to the truncation point. 
Preferably, the detecting means is responsive to both of these areas. 

45 The infusion device should be capable of delivering the fluid in a test pulse. Broadly, it is only 
necessary that the test pulse be capable of creating a pressure wave response in the delivery system. 
Typically, to accomplish this, the test pulse must be distinguishable from the normal deliver pattern. 

The test pulse can be distinguished from the normal delivery pattern in different ways. For example, the 
test pulse can be separated from the normal delivery, pattern by separating regions on one or both sides of 

so the test pulse, with each of the separating regions providing a different flow rate of fluid than the adjacent 
portions of the test pulse. In a broad sense, the separating regions may have flow rates equal to the flow 
rate of the normal delivery pattern. Preferably, however, the infusion device is capable of delivering the fluid 
in an altered pattern which includes a test pulse and leading and trailing valleys on opposite sides of the 
test pulse. The test pulse provides a greater flow rate of fluid than the normal delivery pattern, and each of 

55 the valleys provides a lesser flow rate of fluid than the adjacent portions of the normal delivery pattern. 
When this form of infusion is used, the truncation point is preferably established as the first to occur of a 
specified percent of peak value and the termination of the trailing valley. This is desirable because, in the 
case of infiltration, where the pressure wave response decays slowly, the predetermined pecent of peak 
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value may not be reached. With this form of infusion, the initial point may coincide with the beginning of the 
test puise. 

The flow rate during the test pulse may be less than, greater than, or equal to the flow rate during the 
normal delivery pattern. However, the preferred altered pattern, as described above, has several advan- 
5 tages, including the advantage of preventing the test pulse from significantly altering the average flow of 
fluid to the patient. It is also possible to reverse the flow in the delivery system to create the test pulse. 
However, this is not preferred because it may cause the patient's vessel to collapse arond the needle. 

The area information from the test pulse can be processed in various different ways to determine if the 
fluid is being properly or improperly supplied to the patient. Generally, a larger area indicates an alarm 
w condition, and a smaller area is indicative of normal infusion. The areas are also a function of test pulse 
Infusion rates. Of course, information from multiple pressure wave responses derived from multiple test 
pulses can be processed to gain greater assurance that the infusion system is being correctly monitored. 

Another important feature of this invention is ascertaining if the pressure conditions in the conduit are 
suitable for detecting abnormal infusion. It has been found that the occurrence of a baseline pressure during 
75 the normal delivery patter which is unusually large in magnitude or which fluctuates excessively, suggests 
that the pressure conditions in the conduit are not then suitable for detecting abnormal infusion. Such 
baseline conditions may be the result of a transient condition, such as movement by the patient. When 
these pressure artifacts occur, either the application of the test pulse is deferred or the data derived from 
such test pulse is ignored. 

20 The presence of these unacceptable pressure disturbances in the baseline indicate that the pressure 
conditions are not suitable for detecting abnormal infusion, and one reason for this is that these pressure 
artifacts would be superimposed upon the pressure wave response. This would tend to unacceptably alter 
the pressure wave response such that the pressure wave response wold not be indicative of the health of 
the IV site, but rather indicative of some other condition, such as unusual patient movement. This feature of 

25 the invention is applicable to virtually any abnormal infusion detection system, which is responsive to the 
pressure wave response, and is not limited to use with a system which detects abnormal infusion by 
integration techniques. 

More specifically, the suitability of the pressure conditions in the conduit can be determined by 
comparing a function of the pressure of the fluid in the conduit during the normal delivery pattern to a 

30 threshold. This function of the pressure may be one or more pressure values or may be a function which is 
derived from one or more pressure values. In a preferred technique, the function of the pressure equals 
81 + K(B2) where 81 is the baseline pressure at an instant prior to the test pulse, K is a constant, and B2 is 
the rms value of a plurality of segments of the baseline pressure prior to the test pulse, and with at least 
one of the segments being prior to such instant 

35 The invention, together with additional features and advantages thereof, may best be understood by 
reference to the following description taken in connection with the accompanying illustrative drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

Fig. 1 is a block diagram illustrating one form of infusion system constructed in accordance with the 
teachings of this invention. 

Figs. 2-2E are plots of volume delivered by the infusion device versus time illustrating different 
examples of test pulses. 

Fig. 3 is a plot showing one pressure wave response indicative of the fluid being properly supplied to 
the vessel of a patient and a second pressure wave response indicative of infiltration. 

Fig. 4 is a plot showing the relationship of the pressure response to the infusion rate for infiltration 
conditions and normal conditions, 
so Fig. 5 is a flow chart showing how the system functions to detect infiltration. 


DESCRIPTION OF THE PREFERRED EMBODIMENT 


Fig. 1 shows an infusion system 11 which comprises a source 13 of a parenteral fluid, an infusion 
device 15 for delivering the parenteral fluid through conduit means 17 to a patient. The conduit means 17 
may comprise flexible tubing or other flow channels for supplying the parenteral fluid to the patient. The 
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supplied by the conduit means to the patient; and 

means responsive to the pressure wave response for detecting if fluid is being improperly supplied by the 

conduit means to the patient. 

41 An infusion system as defined in claim 40 wherein said first means includes means for comparing a 
5 function of the pressure of the fluid in the conduit means during the normal delivery pattern to a threshold 

to ascertain if pressure conditions in the conduit means are suitable for detecting if fluid is being .mproperly 
suDplied by the conduit means to the patient. 

42 An infusion system as defined in claim 41 wherein said function of the pressure equals B1 + K(B2) 
where B1 is the baseline pressure at an instant prior to the test pulse. K is a constant and 82 is the rms 

io value of a plurality of segments of the baseline pressure prior to the test pulse and with at least one of said 
segments being prior to said instant. 

43. An apparatus for determining if fluid is being properly supplied through a fluid delivery system to a 

patient, said apparatus comprising: 

means for delivering fluid through the delivery system so as to create a pressure wave response in the 

is delivery system; 

first means responsive to the pressure in the delivery system when the pressure wave response is not 
present to ascertain if pressure conditions in the delivery system are suitable for detecting if fluid is being 
improperly supplied by the delivery system to the patient; and 

means responsive to the pressure wave response for detecting if fluid is being improperly supplied by the 

20 delivery system to the patient. 

44 An apparatus as defined in claim 43 wherein said first means includes means for comparing a 
function of the pressure of the fluid in the delivery system during the normal delivery pattern to a threshold 
to ascertain if pressure conditions in the delivery system are suitable for detecting if fluid is being 
improperly supplied by the delivery system to the patient. 

2 = «5 An apparatus as defined in claim 44 wherein said function of the pressure equals B1 + K(B2) where 
B1 is the baseline pressure at an instant prior to the test pulse, K is a constant and B2 is the rms value of a 
plurality of segments of the baseline pressure prior to the test pulse and with at least one of said segments 
being prior to said instant. 

20 


35 


45 


50 


12 


EP 0 332 330 A2 


YES 


F/6 S~A 


Fit. SB 


END OF 

test 

PULSE J 9 ?> 


NO 


CONT/NUE 
/NTE6RAT/OM 


YES 


PRESSURE 
LESS T//AN 
S07o OE PEA/C 
yALUE 6? ? 



NO 


CONTINUE 
/NTE6PAT/ON 


YES 


NORMALIZE 
RESULT FO/? 
RATE ANO NEEDLE 
S/ZE 



END 


EP 0 332 330 A2 



-20 ZU 



17' 



S/&/JAL 
COA/D/TWM/S/6 
C//?CC//T#y 


A/D 


TRANSDUCER 


18 


PAT /EAST 


r 


2S 


2 ± 


63- 


2. 


ALARM 


1 


PPOCESS0/? 


19 


29 


25 


r/M£ 


EP 0 332 330 A2 


ZSa 

} 


25b 
I— 


27a 

_L 


27i> 
_L_ 


19c 


27c 


29a 


23b 


27c 
29c N 


Z 


/9c 

_Z_ 27c 


29c 

1_ 


F/$. 2ff 


F/4.2B 

19c 

29c 

_±J- 


25J 


J Z7d^ 


r 


I3d 
23d 


F/t, 20 


27e 


1 


2Se 


I 


19e 


29e 


F/c,.2E 


Application number 


European Patent PARTIAL EUROPEAN SEARCH REPORT 

which under Rule 45 of the European Patent Convention 

shall be considered, for the purposes of subsequent EP 89 30 2006 
proceedings, as the European search report 


Office 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 

Citation of document with indication, where appropriate, 
of relevant passages 

to claim 

CLASSIFICATION OF THE 
APPLICATION (Int. CI. 1 ) 

X,D 

US-A-4 648 869 (BOBO) 

* Abstract; column 4, lines 16-43 ; 
column 5, lines 3-65; figures * 

1,2,7, 
8,13 

A 61 M 5/14 
F 04 B 51/00 

Y 


29,30 


A 

—* — 

31 


Y,D 

EP-A-0 248 633 (IVAC CORP.) 

* Page 4, lines 8-32; page 4, 
line D3 — page o, line o; 
figures * 

& US-A-4 710 163 

29,30 


A 


1,2,7, 
8,13,31 


A 

EP-A-0 121 931 (IVAC CORP.) 


TECHNICAL FIELDS 
SEAP.CH60 (Int. CM) 


./. 


A 61 M 
F 04 B 

INCOMPLETE SEARCH 

The Search (Division considers that the present European patent application does not comply with 
the provisions of the European Patent Convention to such an extent that it is not possible to carry 
out a meaningful search into the state ot the art on the basis of some of the claims. 
Claims searched completely: 1-10, 13, 22, 23, 2 7- 31, 43 
Claims searched incompletely: 

Claims not searched: -ic 25 2 2 36 2Q 
Reason for the limitation of theieircnT - 3 f JJ / JO / J =' 


Certain claims are obscure because they are 
dependent on others which have been annuled due 
to non-payment of fees. 



Place of search 

The Hague 


Date of completion of the search 

27-09-1989 


Examiner 

CLARKSON 


CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 


T 
E 

D 
U 


theory or principle underlying the invention 
earlier patent document, but published on. or 
after the filing date 
document cited in the application 
document cited for other reasons 


& : member of the same patent family, corresponding 
document 



European Patent 

°" ,ce PARTIAL EUROPEAN SEARCH REPORT — a-c 

. EP 89 30 2006 

.„ D ° CU ME"^^ -2- 


WO-A-8 705 224 (KAMEN) 


EP-A-0 248 632 (IVAC CORP.) 


to ca<m 


CLASSIFICATION op twc 
APP UiCAriON ( int ci - i 


TECHNICAL FiSLCS 
SEAPCHEOdm ci m 



SN European Patent 
Qui 0"<ce 


CLAIMS INCURRING FEES 


The present European patent application comprised at the time of filing more than ten claims. 

| | A " claims fees have been paid within the prescribed time limit. The present European search report has been 
drawn up for all claims. 

JgJ Only part of the claims fees have been paid within the prescribed time iimlt. The present European search 
report has been drawn up for the first ten claims and for those claims for which claims fees have been paid, 

namely claims: 1-10 ,13,15,22,23,25,27-31,33,36,39,43 

| | No claims fees have been paid within the prescribed time limit. The present European search report has been 
drawn up for the first ten claims. 


LACK OF UNITY OF INVENTION 

The Search Division considers that the present European patent application does not comply with the requirement of unity of 

invention and relates to several inventions or groups of inventions, 

namely: 


["] AU furtner searcn fees nav « P^d within the fixed time limit. The present European search report has 
been drawn up for all claims. 

□ 0n,v P art Qi tne further searcn fees have been paid within the fixed time limit. The present European search 
report has been drawn up for those parts of the European patent application which relate to the inventions In 
respect of which search fees have been paid. 

namely claims: 

I I None of tne ^rther search fees has been paid within the fixed time limit. The present European search report 
has been drawn up for those parts of the European patent application which relate to the invention first 
mentioned in the claims, 


namely claims: 


